A FABRIC FOR HIGH-TEMPERATURE GASEOUS FILTRATION 
APPLICATIONS 

Field of the Invention 

5 The present invention is directed to fabric filter media for commercial and 

industrial applications, and more particularly, to a stiffened, pleated filter medium for 
high-temperature gaseous filtration applications. 

Background of the Invention 

1 0 Over the last several decades, there has been an increased awareness and 

emphasis on environmental issues, including air and water quality. Increasingly 
strenuous governmental controls and limits have been imposed to preserve these 
natural resources and prevent associated health hazards. 

Numerous advances have been made in effectively controlling air pollution by 

1 5 removing undesirable particular matter from gaseous processing streams and exhausts. 
One particular type of air filtration technique has been the employment of particulate 
collectors known as "baghouses". Baghouses operate much like a household vacuum 
cleaner. Dirty air is drawn into a chamber, or plenum, where a filter medium is 
positioned. The air passes through the filter into a clean air plenum, depositing the 

20 particulate matter, dust, etc. on the filter surfaces as it passes into the clean air 
plenum. Because of the high volumes of air being processed in industrial 
applications, these baghouses must be frequently cleaned. Cleaning is typically 
conducted by reversing the flow of air or gas through from the clean air plenum into 
the dirty air plenum, dislodging the dust and particulate matter that has accumulated 

25 on the surfaces of the filter. In some industrial applications, these cleaning cycles 

must be repeated hundreds of times each day. As will be appreciated, the filters very 
quickly become structurally fatigued, tearing in short periods, thus requiring frequent, 
costly replacement. 

The cleaning problems and failures of baghouse filters, including cartridge 

30 filters, are further exacerbated when the filters are installed in high temperature 

applications where the gaseous discharges exceed 450 degrees Fahrenheit. Fabric filter 
media very quickly deform and deteriorate, rapidly losing their structural rigidity and 
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. filtration efficiency. As a result, filtering high temperature gaseous discharges to meet 
regulatory requirements in a cost-effective manner, has been problematic. 

Summary of the Invention 

The present invention is directed to a fabric filter material and a pleated filter 
formed therefrom that address the problems of filtering gaseous streams in high 
temperature applications; i.e., at temperatures between about 450 and 550 degrees 
Fahrenheit. 

A preferred embodiment of the present invention provides a fabric material to 
which a stiffener is applied for maintaining the form (rigidity) of the fabric in the 
spectrum of high temperature applications. A fibrous fabric material that is capable of 
being stiffened and formed is selected. In this embodiment, the fibrous fabric is 
woven entirely from yarns of fiberglass, preferably type ECDE (continuous filament 
electrical grade) yarns in which a portion of both the fill and warp yarns are air-jet 
texturized. It has been found that using texturized yarns substantially increases the 
wet pickup of the fabric and facilitates the more precise forming (shaping) of the 
fabric. "Wet pickup" refers to the amount of a liquid finish, expressed as a 
percentage, that a finished fabric will absorb. The greater the wet pickup, the more 
effective the stiffener is in maintaining the form of the woven fabric during its 
anticipated high temperature service. It has also been found that fiberglass, as a filter 
material, retains superior durability after frequent and numerous fatigue cycles, and is 
quite adaptable to stiffening and forming. 

The preferred stiffener is comprised of a resorcinol-formaldehyde resin 
solution, an acrylic resin emulsion, ammonia, hexamethylenetetramine, and water. 
The stiffener may be applied using any of the conventional methods known in the art 
for applying fmishiners such as dipping, spraying, etc. Once the stiffener is applied, 
the treated fabric is heated until dry, but at a temperature and duration that will not 
exceed B-stage curing of the treated fabric. This allows the treated fabric to be later 
formed and set in a desired shape. 

In a preferred embodiment, the stiffening system of the present invention 
includes three discrete layers that are sequentially applied to the woven fiberglass 
fabric, that is, two additional layers that complement the stiffener. An initial, or inner, 



. layer serves as a lubricant for the subsequently applied stiffening layer and consists of 
water, a lubricant (desirably a silicon such as a phenyl silicone polymer because of its 
high temperature stability), and a polytetrafluorethylene (PTFE) dispersion. After the 
lubrication layer is applied, it is heated within a specified temperature range for a 
5 specified duration until dry. The stiffening layer is next applied. This layer is 
comprised of a resorcinol-formaldehyde resin solution, an acrylic resin emulsion, 
ammonia, hexamethylenetetramine, and water. The treated fabric is again heated until 
dry, but at a temperature and duration that will not exceed B-stage curing of the 
treated fabric. This allows the treated fabric to be later formed and set in a desired 

1 0 shape. Lastly, a protective layer is applied to the treated fabric, the protective layer 
consisting of a PTFE dispersion and water. The treated fabric is heated until dry, but 
again at a limited temperature and duration combination so that the f abric will not 
cure beyond the B-stage. The finished treated fabric may be immediately shaped and 
set, or may be stored in the B-stage for later forming. 

15 In a preferred embodiment, the treated fabric is pleated as it is well known in 

the filtration arts that pleated filters provide substantially more ( 2 to 3 times) filtration 
surface area for a selected filter size. Any of the known commercial pleating 
machines may be used to pleat the fabric. Sufficient heat and duration are required to 
set the pleats, fully curing and setting the treated fabric. An oven or infrared lights 

20 downstream of the pleating operation are employed to provide this curing, setting 
heat. 

A further embodiment of the present invention is a filter device, such as a 
pleated cartridge filter, for high temperature filtration applications. Such a cartridge 
filter is easily adapted to the baghouse filter systems described above. The filter 

25 device is comprised of a perforated liner, a generally circular pleated portion of 

treated, stiffened fabric, at least one retainer, and end flanges. The perforated liner is 
preferably a metallic cylinder with open ends and perforations formed through and 
spaced about the cylinder walls. The perforations are sized and spaced to optimize the 
flow of air into the clean air plenum after passing through the pleated filter. The most 

30 important function served by the liner, however, is structural support for the 
surrounding fabric filter. Completely surrounding the outer wall surface of the 
cylindrical liner is the pleated fabric filter material. At least one retainer, such as a 
band, strap, wire, etc. holds the filter material in place around the cylindrical liner. 



This especially provides additional rigidity and support to the filter material during the 
frequent cleaning cycles which force air in a reverse flow through the liner and back 
across the filter material to dislodge trapped particulate. Finally, to secure the upper 
and lower free ends, or edges, of the pleated filter, caps or flanges are fitted around the 
ends or edges and adhered to the fabric with a conventional potting compound known 
in the art and adapted for high temperature applications. 

The fabric filter material treated and formed as described hereinabove and in 
accordance with the detailed description that follows, is capable of achieving a 
filtration efficiency of greater than 99% for particulate matter of 10 microns or 
greater. Further, when pleated and incorporated into a filter device, such as a filter 
cartridge, the fabric filter material can withstand thousands of cleaning cycles without 
failure. 

These and other aspects of the present invention will become apparent to those 
skilled in the art after a reading of the following description of the preferred 
embodiments when considered with the drawings. 

Brief Description of the Drawings 

Figure 1 is a cross-sectional view of the woven fabric filter material of the 
present invention, illustrating the three layers of the stiffening system applied thereto 
and a pleated shape; 

Figure 2 is a schematic illustration of the weave pattern for the fabric of the 
present invention; and 

Figure 3 is a front perspective view of a filter device constructed according to 
a preferred embodiment of the present invention. 

Detailed Description of the Preferred Embodiments 

Referring now to Figure 1, a schematic cross-sectional view of the treated 
fabric material of the present invention for use in high temperature applications is 
shown generally as 10. 

While many suitable yarns and non-textile materials may be used for forming 
conventional filtration media for low temperature (ambient) residential and 



- commercial applications, materials suitable for prolonged high-temperature duty 
(between about 450 and 550 degrees Fahrenheit) are not conventionally known. 
Fiberglass is well known in the art for its suitability in withstanding elevated 
temperatures; however, at high temperatures, untreated fiberglass rapidly loses its 
5 form and quickly deteriorates. It has been found, however, that a stiffening system 
applied to a fiberglass fabric solves this problem. 

A preferred embodiment of the present invention begins with forming a 
woven, 100 percent fiberglass fabric; however, the fabric for the present invention 
need not be limited to a woven construction. The warp yarns are comprised of one 

10 end of ECDE 37 1/0 filament and one end of ECDE 75 1/0 texturized. The fill yarns 
are comprised of three ends of ECDE 75 1/3 texturized. As those skilled in the art 
will appreciate, these yarns are formed from type DE continuous, electrical grade 
fiberglass filaments; hence ECDE. ECDE 37 and 75 comprise 3,700 and 7,500 yards 
of yarn per pound, respectively. The designation 1/0, well known in the art, means 

1 5 that 1 strand is using in making the yarn, and 0 means that no twisted strands are plied 
together in this construction; 1/3 means that 1 strand is used in making the yarn and 3 
twisted strands are plied together. Alternately, the fabric may be comprised of ECDE 
75 1/2 warp yarns and ECDE 75 1/4 texturized fill yarns in a double filling weave 
pattern. 

20 Textured fill yarns have been found to provide a higher wet pickup than 

untexturized yarns, particularly for those yarns (the fill yarns) that are bent when the 
fabric is subsequently pleated. "Wet pickup" refers to the amount of liquid finish 
(expressed as a percentage) that a finished fabric will absorb. It has also been found 
that the weave pattern affects the fabric's adaptability to shaping, i.e. a crisper, stiffer 

25 pleat. In a preferred embodiment, and as shown in Figure 2, the weave pattern is a 1/3 
right hand twill. This means that each warp yarn, shown oriented vertically, crosses 
under 3 fill yarns and over 1 fill yarn in staggered relation. A twill weave is one that 
is characterized as consisting of one or more warp yarns running over and under two 
or more fill yarns. Warp yarns are shown as 12 and fill yarns as 14 in Figure 2. This 

30 particular weave has been found to provide optimal pliability, with a wet pickup 
between about 37 and 42 percent; however, other weave patterns will also provide 
similar results. 
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Referring again to Figure 1, there is shown a cross-sectional schematic view of 
the treated fabric material 20 of the present invention. After forming the woven 
fiberglass fabric 22, a stiffening system is applied thereto. This stiffening system 
comprises three discrete layers 24, 26, and 28 that are sequentially applied. Each of 
5 these layers may be applied by any of the conventional finishing methods known in 
the textile art, including dipping and spraying. The initial, or inner, layer 24 functions 
as a lubricant for the subsequently applied stiffening layer. This initial layer consists 
of water, a lubricant, and a polytetrafluorethylene (PTFE) dispersion. The lubricant is 
preferably a silicon, and more specifically a phenyl silicon polymer because of its high 

10 temperature stability. While the percentages of each ingredient in this mixture can 
vary widely and still provide acceptable results (phenyl silicon polymer: 5-50%, 
PTFE dispersion: 1-40%, and water: 10-94%), the preferred mixture and that which 
provides the optimal results comprises 30% phenyl silicon polymer, 50% water, and 
20% PTFE dispersion. It has been found, however, that an initial layer 24 comprised 

1 5 of only water and PTFE, or only of water and a silicon, will still yield acceptable 

results. After applying this initial lubricating layer 24, the treated fabric is heated until 
dry. Heating the fabric at approximately 350 degrees Fahrenheit for about 1 minute is 
sufficient. 

Subsequent to drying the initial layer, the intermediate, or stiffening, layer 26 
20 is applied to the fabric. The stiffening layer comprises a resorcinol-formaldehyde 
resin solution (5-40%), an acrylic resin emulsion (1-10%), ammonia (0.1-2.0%), 
hexamethylenetetramine (0.1-5.0%), and water (43-93.8%). The preferred mixture is 
30% phenol-formaldehyde resin solution, 5% acrylic resin emulsion, 1.3% ammonia, 
2.0% hexamethylenetetramine, and 61 .7% water. In lieu of acrylic resin, any suitable 
25 thermoplastic may be used. Similarly, a phenol-formaldehyde resin solution may be 
substituted for the resorcinol-formaldehyde resin solution. This is because the 
hexamethylenetetramine also releases formaldehyde into the mixture for cross-linking 
with the phenol-formaldehyde resin. Ammonia is part of the mixture for pH control 
purposes only and may eliminated, dependent upon the specific composition of the 
30 mixture. Following this application, the treated fabric is again heated until dry; 

however, care must be taken to control the temperature so that premature curing and 
stiffening of the fabric does not occur. This is well understood in the art, and for this 
material construction, a maximum temperature of 250 degrees Fahrenheit for a 



, duration of one minute is sufficient; however, longer durations at lower temperatures 
will also provide equally satisfactory drying. 

Lastly, the outer, or protective layer 28 is applied. This layer serves as a 
durable shield against abrasion and erosion of the stiffening layer. The protective 
5 layer 28 is comprised of a PTFE dispersion (5-30%) and water (70-95%), with the 
preformed embodiment comprising 20% PTFE dispersion and 80% water. The 
protective layer is also heated until dry, but again at a temperature not exceeding 250 
degrees Fahrenheit and for a duration not to exceed one minute. The fiberglass fabric, 
having been treated with the stiffening system described above, may now be packaged 

1 0 and stored for later shaping and final curing, or may be immediately shaped and cured. 
The treated fabric 20 is pleated using any one of the several commercially 
available, and well-known, pleating machines. Any one of these machines can be 
used to pleat the treated fabric 20 of the present invention in pleats having folds 1/4 
inches wide with each crease approximately 3/4 inches in depth, although the pleat 

1 5 width and depth are not critical. Because the treated fabric is still in the B-stage, 
pleating or other shaping is more easily accomplished. Once the pleats are formed, 
the pleated material may be heat set to complete the curing and stiffening process. An 
oven or banks of infrared lights located downstream of the pleating operation may 
provide this heat. For this fabric construction and the stiffening system described 

20 herein, heating at about 375 degrees Fahrenheit for about 45 seconds is sufficient to 
finish the pleated material. The pleated, stiffened fabric is now suitable for use in 
high-temperature applications. The surface area of the pleated filter fabric is two to 
three times the filtration surface area of conventional "flat" filters, depending upon the 
width and depth of the pleats. The fabric also has a permeability of approximately 25- 

25 35 cubic feet per minute when tested in accordance with ASTM D737, "Standard Test 
Method for Air Permeability of Textile Fabrics". Additionally, the finished fabric has 
a filtration efficiency of greater than 99% for particulate matter of 1 0 microns or 
larger. 

In an alternative embodiment, the treated fabric 20 is incorporated into a filter 
30 device, shown generally as 100 in Figure 3. While a cartridge-type filter device is 
shown, those skilled in the art will readily appreciate that there are numerous shapes, 
sizes, and configurations for filtering devices incorporating fabric 20, depending upon 
the specific application. Here, filter device 100 comprises a perforated linen 105, 



pleated fabric filter material 110, flanges 120, and at least one retainer 115. The 
perforated liner 105 is a metallic cylindrically shaped screen or mesh that is open on 
the ends. The sizes and shapes of the perforations in the liner 105 are not critical to 
the present invention so long as the perforations provide optimal air passage and 
5 adequate structural support for filter material 110. Filter material 1 10 is placed or 
wrapped around the entire cylindrical surfaces of liner 105. Any conventional 
technique for overlapping or joining longitudinal ends of the filter material 1 10 to 
ensure the ends are adequately jointed together may be used. End caps, or flanges, 
120 (only the upper end cap is shown in Figure 3) are fitted over the ends of the filter 

10 material 1 10 and liner 105 to secure them together in place. The end caps are also 

preferably metallic. To hold the pleats in relative pleated position within the end caps, 
a potting compound (not shown) is used. A potting compound is a material that 
embeds the ends in place and solidifies so that the ends are rigidly held during 
operation. One suitable potting compound is Duralco 4703, manufactured by 

1 5 Cotronics Corporation of Brooklyn, New York. Finally, at least one retainer 115 such 
as a metallic band or strap is secured around the outer periphery of the filter material 
1 10 so that the band does not compress or crush the pleats 118, but fits snugly against 
the pleats 118. Retainer 115 serves to maintain the integrity and form of the filter 
material 110 when air is reverse-flowed through the perforated liner 105 during the 

20 cleaning cycles. 

In operation, a gaseous process or exhaust stream flows through the filter 
material 110 and through the liner 105, discharging into a clean plenum through one 
or both ends of cartridge filter 100. Cleaning cycles are typically initiated at specified 
intervals or when the pressure differential across the filter material 1 1 0 reaches a 

25 predetermined level. When that occurs, clean air is forced from an air source from 
within the cartridge 100 and out through the filter material 110. 

The cartridge filter 100 constructed accordingly to the present invention will 
provide acceptable service through well over one hundred thousand cleaning cycles in 
accordance with testing performed under ASTM D2176, "Standard Test Method for 

30 Folding Endurance for Paper". Using this standard, strips of fabric are loaded into a 
flex tester where they are flexed to failure. 

Certain modifications and improvements will occur to those skilled in the art 
upon reading the foregoing description. It should be understood that all such 



modifications and improvements have been omitted for the sake of conciseness and 
readability, but are properly within the scope of the following claims. 
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